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AN  INVESTIGATION  OP  THE  FIVE  POINT  RESTRAINT 


SYSTEM  FOR  AVIATORS 


INTRODUCTION 

The  Advanced  Attack  Helicopter  (AAR)  Technical  Management  Office  re¬ 
quested  tha  US  Army  Human  Engineering  Laboratory  (HEL)  assess  the  Five 
Point  Restrain  Harness  lap  belt  anchoring  location  after  receiving  con¬ 
flicting  Information  on  leg  motion  restriction. 

AAH  contractor  teat  pilots  reported  that  the  lap  belt  crossed  too  far 
forward  on  the  thighs  and  restricted  leg  movement  during  pedal  operation,1 
In  response,  the  Human  Engineering  Group  of  the  AAH  contractor  investigated 
the  problem,  and  suggested  that  the  anchor  location  be  moved  aft  and  lower 
than  the  preuent  position. 

Before  requesting  that  tha  seat  be  modified,  the  AAH  office  contacted 
several  Army  test  pilots  who  have  flown  the  AAH  to  verify  the  problem. 
However,  the  Army  test  pilots  did  not  verify  the  problem,  and  subsequently 
the  HEL  was  contacted  to  provide  additional  data. 

The  Initial  study  performed  by  the  AAH  contractor  evaluated  the  re¬ 
strain  harness  while  the  pilots  were  seated  In  a  wooden  seat  which  was  ad¬ 
justed  to  the  design  cushion  compression  lines.  To  provide  a  more  realistic 
evaluation,  the  HEL  Investigated  the  restraint  harness  by  using  a  set  of 
production  cushions  while  the  pilots  wore  body  armor  and  a  survival  vest. 
Cushion  probes  were  used  to  locate  the  seat  reference  point  (SRP).  The 
procedure  la  explained  In  the  appendix. 


OBJECTIVES 

The  objectives  of  this  investigation  were  as  follows: 

1.  To  determine  if  the  presently  designed  restraint  harness,  as  at¬ 
tached  in  the  AAH,  provides  sufficient  lag  movement  and  antl-submarlnlng 
restraint. 

2.  To  Investigate  the  Interaction  of  the  restraint  harness  with  body 
armor  and  the  survival  vest. 


Hughes  Helicopters.  YAH-64  Advanced  Attack  Helicopter  Report,  Crew  Station 
Geometry  (Report  No.  77-HF-0008-2) .  Prepared  for  Project  Manager,  Advanced 
Helicopter,  St.  Louis,  MO,  December  1979. 
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PRSCBDlbO  FaOS  BUNK-NOT 


DESCRIPTIONS 


The  Five  Polnc  Restraint  System  le  shown  In  Figure  1.  The  web  widths 
for  the  shoulder,  lep,  end  crotch  straps  are  2,  2-1/4,  and  1-3/4  lnchae, 
respectively.  The  shoulder  and  lap  straps  are  released  by  a  quarter  turn  of 
the  release  hub. 

Figures  2  and  3  show  the  body  armor  and  survival  vest  uaed  during  the 
evaluation.  The  vest  contains  actual  and  mockup  survival  gear  except  for 
the  weapon  and  holster  which  are  normally  mounted  under  the  pilot 'a  left 
arm. 


To  evaluate  the  lap  belt  anchoring  points,  a  fully  adjustable  AAH  crew 
seat  and  anti-torque  pedal  assembly  was  constructed  which  exposed  the  pi¬ 
lot's  torso  while  providing  correct  cushion  support  (Figure  4).  Alternate 
anchoring  points  were  used  which  ranged  from  2  Inches  forward  to  3  Inches 
aft  of  the  present  position.  These  were  arranged  in  a  line  parallel  to  the 
seat  bottom  at  1-inch  Intervals. 

Six-Inch  long  cushion  probes  (Figure  5)  were  Inserted  through  the  seat 
cushions  to  check  the  SRP  since  the  lap  belt  anchor  point  location  Is  ref¬ 
erenced  from  the  SRP.  The  probe  arrays  were  designed  to  colocate  with 
specific  body  points  and  reconstruct  the  two  planes  which  define  the  SRP. 
Additional  Information  relating  to  the  location  of  the  SRP  is  contained  In 
the  appendix. 

Figures  4  and  5  show  the  lumbar  support  can  be  adjusted  in  height  with 
hook  and  file  fasteners. 

The  forward  and  aft  AAH  crew  stations  contain  the  same  fully  armored 
seat  except  that  the  forward  crew  seat  Is  canted  three  degrees  rearward 
with  respect  to  the  horizontal.  Both  seat  backB  cant  10  degrees  rearward 
with  respect  to  their  seat  bottoms. 


METHOD 


Subjects 

The  subjects  used  during  the  evaluation  were  stationed  at  Aberdeen 
Proving  Ground,  MD,  and  no  preliminary  criteria  were  used  to  select  them 
for  participation  in  this  evaluation.  Table  1  lists  the  subjects  and  a 
series  of  anthropometric  measurements. 
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Procedure 

The  subject*  vers  caked  Co  ait  in  the  crew  seat  and  adjust  the  luabar 
support  to  where  It  felt  comfortable.  The  seat  was  than  adjusted  to  place 
them  a*  close  as  possible  to  the  design  eye  position.  They  were  than  se¬ 
cured  In  the  seat  with  the  harness  adjusted  to  the  desired  tension.  An  Ini¬ 
tial  attempt  to  provide  equal  lap  belt  tension  through  the  use  of  a  thigh 
blood  pressure  cuff  proved  futile  because  the  cuff  could  not  be  positioned 
correctly  under  the  lap  belt.  The  anti-torque  pedals  were  then  adjusted  to 
the  subject's  deaired  position  for  flight  and  full  brake  actuation. 

Figure  6  Illustrates  the  measurements  that  wars  obtained.  The  angle  of 
pull  for  the  lap  belt  was  found  by  aligning  an  Abney  level  with  the  anchor 
point,  and  the  crotch  belt  angle  was  obtained  by  placing  the  Abnay  level  on 
the  belt  Itself.  The  luabar  height  was  measured  to  tv>*  anchor  position  on  a 
line  parallel  to  the  seat  back.  The  8RP  was  calculated  by  locating  the 
longest  protruding  cushion  probes  within  the  probe  arrays. 

As  the  subjects  operated  the  pedals,  they  ware  asked  if  the  belt  would 
either  hinder  their  leg  motion  or  provide  undue  preeeure  on  their  thighs. 
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The  lap  bait  anchor  point  was  than  varied  and  tha  subjects  commented 
on  tha  altarnata  poaltlon.  laeh  aubjact  did  not  evaluate  all  anchor  poai- 
tlona.  Lap  bait  poaltlona  forward  of  tha  praaant  design  poaltlon  wara  uaad 
to  find  If  additional  raatrlctlon  to  lag  aovaaant  could  ba  datactad.  If  no 
dlffarancaa  wara  datactad,  lntaraadlata  poaltlona  wara  not  uaad.  They  ware 
than  fitted  with  tha  appropriata  protactiva  gaar  and  reaaeured  into  the 
aaat. 


RESULTS  AND  DISCUSSION 

The  following  raaulta  wara  obtained  froa  thla  evaluation: 

a.  The  lap  bait  did  not  bind  tha  aubjaeta'  thlgha. 

b.  The  body  armor  and  aurvlval  vaat  significantly  Interact  with  the 
fit  of  the  restraint  ayatea. 

c.  The  seat  raferanca  point  waa  found  to  ba  0.75  Inch  forward  and  0.25 
Inch  above  the  dealgned  point. 

The  subjects'  comments  relative  to  the  interaction  of  the  seat  belt 
with  their  legs  are  Hated  In  Table  2. 

Table  3  glvea  the  lap  bait  tanalon  angle  measured  at  the  anchor  point. 

There  la  a  general  decrease  In  the  lap  belt  angle  as  the  anchor  loca¬ 
tion  was  moved  farther  aft  from  the  design  position.  The  angle  wae  de¬ 
creased  an  additional  aevan  degrees  when  tha  aubjaeta  wore  both  tha  body 
armor  and  aurvlval  vaat.  Tha  inflection  In  tha  data  which  occurs  1  Inch 
aft  of  the  present  poaltlon  was  caused  by  the  release  mechanism  beginning 
to  reseat  against  the  subject's  torso  and  body  armor.  Tha  gapa  In  the 
table  occur  because  tha  subjects  could  not  discern  a  difference  and  data 
was  not  obtained  at  thosa  intermediate  conditions. 

Table  4  glvea  the  crotch  strap  tension  angls  measured  from  the  hori¬ 
zontal  . 

Ir.  general  the  crotch  strap  was  not  In  tension  when  the  subject  wore 
the  body  armor  and  survival  vest.  Tha  raveraals  In  tha  data  (subjects  show¬ 
ed  a  lesser  angle  with  body  armor)  occurs  because  the  top  of  the  attaching 
mechanism  rests  on  the  body  armor  and  Is  canted  forward.  This  results  in 
the  crotch  strap  attachment  rotating  raarward  and  decreasing  the  angla. 

Figures  7  and  8  show  subjects  "TF"  end  "DH”  with  the  lap  belt  anchored 
2  inches  aft  of  the  present  location.  This  position  was  suggested  by  the 
contractor  as  an  alternate  anchor  position. 

Figures  9  through  16  display  tha  general  fit  of  the  restraint  harness 
while  wsarlng  the  body  armor  and  survival  vest. 


12 


TA1U  2 


•ubjocta’  Conof 


laeord 

CoUUloi* 

Ucbor  font 

•ubiaote’  fnill 

fiOMCtl  CnMOQto 

IJW 

A? 

♦r 

Ooaa  not  binf 

Crotch  otter  U  laooo 

1JX 

AV 

-i* 

ImIi  that  tha  t>lt  U  fuUl«| 
hta  late  IM  wt  «rc  -  MU 
itltttli  u  MM  m  Mr 

Cinch  10  farther  aft  aa  cM|M  - 
crotch  otrer  oot  oo  lame 

11 JX 

AT 

FT 

Cretek  otrer  U  laaaa 

21 JV 

1 

-2' 

Do«i  not  biU 

Crotch  otrer  i*  tight 

22JV 

S 

♦1* 

l>oc ■  not  MM 

Crotch  otrtr  10  tliht 

2  3JX 

1 

TP 

boat  act  UM 

Crotch  atrap  la  tight 

24JV 

1 

-)■ 

Mac  oat  hlM 

crotch  otrer  to  U|ht 

3TT 

n 

-r 

LnpUgaa  at  tbo  tail  from  latchaa 
on  lunar  thlgha 

Crotch  atrap  la  tight 

ATT 

AT 

~2* 

Iona  binding  But  art  11  oat  hlndar 
flight 

Crotch  atrap  la  Vonan  -  bolt  «A«r 
braaat  plat  a  -  lap  halt  all  thn  mf 

not 

3TT 

AT 

♦1* 

Iculn  f.lt  M  tU|ki,  ac racial ' 7 
aa  cl  act 

Ora  rah  tttap  Ught  -  bolt  «4ai 
braaat  plat a 

6tn 

r« 

♦l’ 

F«*la  **4,  no  problems 

Cratch  otter  tight 

70V 

AT 

♦1' 

reele  r>oC ,  aa  praklMa 

hack  to  raao4M  la  Met ,  frakai  cat 
cot tact  lag  hock 

•DT 

AT 

♦1* 

Be  reatrlctlona 

Cratch  otrer  Ihooo 

IBB 

n 

Praaaura  fait  on  outer  chlghe 
on  pedals  and  oo  lnoar  Ul|hi 
«oan  an  brakes 

Ink  joe  t  ratatrM  Hare  rMel 
aijuatmat  than  111  imlial  • 
tklt  rMultM  U  aa  Mooafartohla 
thigh  taa«aai  oogla  oM  oato  holt 
klMlag 

10B1 

FI 

Prsisurt  tan 1 1  aa  groat  oo  taoor 
•  M  outer  thighs 

halt  blMlag  la  Mb  UteMo 

mi 

AV 

-r 

Balt  itir:l&|  w  rvt  o*  top  of 

thighs 

1211 

AT 

Chaflig  oh  Mck 

Crotch  atrap  Lonan  -  plat  a  pnahlng  - 
oa  Muhin 

no 

AT 

IlMlag  aa  outer  Mrtloo  of  aerer  tkl|M 

14IB 

AT 

Kora  cool artabla  (Am  cinch  oiiar  plati 
than  war  pla.e 

1JW 

n 

♦l* 

■a  M*U«M 

Cratoh  otrer  tight 

14D0 

AT 

♦I’ 

Praaaura  but  oo  Moling 

Crotok  atrar  mi  Ucaa 

1*DB 

AT 

-2' 

DMH't  fool  007  MUUl 

■ah  rat  riaiig  abora  rMto  oo  right 
alia 

13KT 

t 

PP 

Bo  raatr  let  Iona 

16*7 

AT 

r? 

■0  roctcictlOM 

Crotch  ntrap  lonan  -  'tan fa  U»f 
plain  nbUa  plato  rant  Lag  on  bnlt 

17X7 

AT 

-a* 

Bo  difference  In  faal  thee  ^mat 

petition 

Crotch  ntrap  lnnna 

1 8X7 

AT 

♦r 

lindlnj  a  llttla  worse 

Crotch  otrar  loooo 

atpc 

ft 

-2“ 

lo  MMlog 

Crotch  ntrap  tight 

21  PC 

PI 

n 

Bo  Moling 

Cratoh  otrar  tight 

24PC 

AV 

FT 

Binding  oo  top  of  thigh  but  eaalf  la  at 
the  flight 

Cratch  otrar  lama 

23PC 

AV 

*2’ 

Bot  aa  m*ch  contact  on  thigh 

Crotch  etrer  loom 

2  ACT 

1 

-2* 

Bo  Moling 

27CT 

t 

♦1% 

foolc  tha  rraaaura  fro*  tM  Mlt 

2  SC? 

1 

PP 

Bn  objection# 

2*CT 

AT 

FT 

Bom  binding  In  crotch  oror  thigho 

Crotch  ntrap  eight 

JOCf 

AT 

»2- 

Blnilng  •  Uttla  «nrn«  them  prannnt 

poaltlan 

holt  rl41ag  m  la  Mb  Laic  hoc 

#AV  •  invr  plitU  ♦  ourvival  *hc|  H  -  flight  tniti  B  •  ItrMi  clothna. 


n 


TABLE  3 


Lap  Balt  Tanalon  Angle 
(Degree*  From  Roriiontal) 


Anchor  Location  Measured  Fro*  Praaant  Poaltlon 


■2"  -1"  PP  +r 

un*  u  un  u  un  u  u 


Body  Armor 

W1 

WO1 

W 

WO 

W 

WO 

W 

WO 

Subject 

JW 

48.0 

45.5 

43.5 

53.5 

44.0 

56.0 

60.5 

61.0 

TF 

55.0 

59.5 

- 

- 

- 

- 

74.5 

- 

DY 

- 

- 

55.5 

- 

- 

- 

70.5 

63.6 

HB 

54.0 

57.5 

58.5 

66.0 

- 

- 

68. 0 

73.5 

DH 

45.5 

- 

- 

- 

- 

- 

65.0 

71.0 

MF 

99.5 

- 

- 

- 

55.0 

55.0 

61.0 

- 

PG 

44.5 

45.0 

- 

- 

53.5 

61.5 

- 

- 

CF 

41.0 

73.0 

48.5 

- 

- 

53.5 

- 

61.5 

_I _ 

49.4 

56.1 

51.5 

54.8 

50.8 

56.4 

66.6 

67.1 

S 

4.3 

TITS- 

6.8 

8.4 

4.0 

3.4 

- 5TT" 

6.6 

N 

6 

5 

4 

1 

~ 3 - 

4 

6 

5 

A 

6. 

7 

8 

5. 

6 

5 

*W  -  With  body  armor 

;  W0  - 

Without 

body  armor 

a 

TABLE  4 

Crotch  Strap  Tanalon  Angle 


Anchor  Location  -2"  -1"  PP  +1" 

Body  Armor _  W*  V0r~  W _ WO _ W _ WO _ W _ WO 


Subject 

JW 

57.0 

54.0 

L 

53.5 

L 

56 

58.5 

57.0 

TF 

Lb 

7.5 

- 

- 

- 

- 

79.0 

- 

DY 

- 

- 

64.0 

- 

- 

- 

73.0 

78.5 

HB 

L 

66.0 

67.5 

72.5 

- 

- 

71.0 

70.5 

DH 

L 

- 

•• 

- 

- 

- 

L 

58.0 

MF 

L 

- 

- 

- 

L 

67 

L 

- 

PG 

L 

69.0 

- 

- 

L 

69 

- 

- 

CF 

67.5 

53.5 

78.0 

* 

— 

73 

“ 

75.0 

*W  -  With  body  armor;  WO  •  Without  body  armor. 
bL  "  Too  looaa  to  aaaaura. 
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Figure  7.  Anchor  point  2  inches  aft  of  present  position,  subject  TF. 


Figure  S.  Anchor  point  2  inches  aft  of  present  position,  subject  JW 


Figure  12*  Subject  MF 


front  view,  aft  anchor  location 


Figure  14. 


Subject  CF,  front  view,  aft  anchor  location 


Figures  9  through  14  show  at  least  three  variations  on  how  the  shoul¬ 
der  straps  were  positioned  by  the  subjects  over  the  survival  vest.  Subject 
MF  (Figure  101  positioned  the  straps  outboard  to  keep  the  straps  from  chaf¬ 
ing  his  neck  as  seen  in  Figure  12.  Figure  10  also  shows  the  straps  riding 
over  the  survival  radio  and  first  aid  kit  which  could  become  damaged  under 
high  "G”  loading  because  they  were  sandwiched  between  the  subject's  torso 
and  the  straps.  A  loose  crotch  strap  may  allow  the  subject  to  move  placing 
increased  pressure  on  the  gear. 

Figure  14  shows  the  straps  inboard  of  the  survival  vest  gear  with  the 
straps  bearing  on  the  subject's  neck. 

Figures  15  and  16  show  two  positions  of  the  lap  belt  take-up  buckle. 
Figure  15  shows  how  pressure  is  exerted  by  the  edge  of  the  buckle,  and 
Figure  16  shows  belt  pressure  distributed  across  the  webbing.  The  position 
of  the  lap  belt  take-up  buckle  will  depend  on  how  the  subject  is  strapped 
into  the  seat. 

Several  subjects  had  difficulty  inserting  the  attaching  spades  while 
wearing  the  body  armor  and  survival  vest  because  they  could  not  see  the 
release  mechanism  (see  Figure  17). 

Tables  5  and  6  list  the  data  obtained  with  respect  to  the  lumbar  sup¬ 
port  and  the  subject's  eye  position.  The  erect  eye  position  corresponds  to 
MIL-STD-1333  at  the  14  degree  back  tangent  angle,  but  is  approximately  1 
inch  less  in  eye  height. 


CONCLUSIONS 

1.  The  current  lap  belt  anchor  position  should  be  retained  for  the 
following  reasons: 

a.  Comments  by  the  subjects  did  not  reveal  a  positive  effect  from 
moving  the  attaching  point  rearward  as  was  indicated  to  be  a  solution  prior 
to  the  initiation  of  this  investigation. 

b.  The  measured  SRP  is  forward  and  above  the  design  position  which 
moves  the  anchor  position  aft  and  downward  with  respect  to  the  new  SRP. 
Hence,  the  recommended  relocation  has  been  compensated  for  to  some  degree. 

2*  The  crotch  strap  does  not  maintain  tension  across  all  subjects. 

3.  Normal  wear  of  the  retraint  harness  was  adversely  affected  when  the 
subjects  wore  the  sur  ival  vest. 
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TABLE  6 


Saat  Rafaranca  Point  Summary  Data 
(Inchaa) 


Lumbar  Support 

Without1 

With1 

Without 

With 

Haight 

Vart 

Hor 

Vart 

Hor 

Down 

Forward 

Down 

Forward 

X  0.1 

29.7 

5.4 

30.0 

5.5 

1.2 

1.8 

1.1 

1.7 

S  0.8 

1.6 

1.0 

1.5 

1.0 

0.5 

1.3 

0.7 

1.0 

With  -  With  body  armor;  Without  -  Without  body  armor. 
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APPENDIX 


PROBLEMS  IN  LOCATING  THE  SEAT  REFERENCE  POINT 


With  reference  to  MIL-STD-1 333 ,  "Aircrew  Station  Geometry  for  Military 
Aircraft,"  the  beat  reference  point  (SRP)  Is  the  singular  point  which  re¬ 
lates  the  dimensions  of  a  person  to  that  of  the  airframe.  The  design  eye 
position,  while  fixed  within  the  crew  station,  tends  to  be  of  secondary 
Importance  when  motion  envelopes  and  seat  design  are  being  inscribed  within 
the  crew  station.  Unfortunately,  the  SRP  is  not  a  specific  point  on  the 
human  torao,  but  instead,  is  located  in  space  behind  the  seated  pilot.  It 
ie  defined  by  the  Intersection  of  two  planes,  the  back  tangent  plane  and 
the  horizontal  buttock  reference  plane,  which  Is  formed  when  a  subject  is 
seated . 

The  specific  problem  Involved  in  this  investigation  was  to  Insure  that 
the  relationship  between  the  lap  belt  anchor  point  and  the  SRP  was  correct 
and  according  to  specifications  so  that  a  valid  judgment  could  be  made 
whether  to  move  the  existing  seat  belt  location.  It  was  also  suspected  that 
the  SRP  would  move  from  the  design  point  when  the  subject  was  outfitted 
with  body  armor  and  survival  vest.  If  this  were  to  occur,  then  the  rela¬ 
tionship  between  the  SRP  and  the  anchor  point  would  change  and  perhaps  In¬ 
troduce  unknown  variables  when  Lhe  anchor  point  was  moved. 

Classical  anthropometric  measurements  are  made  using  unclothed  indiv¬ 
iduals  seated  on  a  hard  flat  horizontal  surface.  The  SRP  is  obtained  by 
constructing  a  second  hard  flat  seat  back  surface  at  the  desired  angle 
(normally  13  degrees)  and  having  the  subjects  ait  in  the  seat.  The  sub¬ 
jects  are  asked  to  square  their  shoulders  and  sit  erect  against  the  back 
surface.  Both  surfaces  define  the  reference  planes  by  contacting  the  most 
aft  and  down  protuberances  of  the  subject's  back  and  buttocks.  Of  primary 
concern  was  to  transpose  this  definition  to  subjects  wearing  clothing  and 
seated  on  molded  cushions.  This  was  done  by  insetting  probes  through  the 
cushions  and  seat  structure,  which  could  be  measured  and  related  to  the  two 
reference  planes.  The  desired  location  for  the  buttock  probes  was  below  the 
tuberosity  protubonces  on  the  subject's  pelvic  bones,  and  there  was  no 
guarantee  that  these  would  be  the  lowest  parts  because  of  the  interaction 
of  the  buttock  muscles,  cushions,  body  armor,  and  survival  vest. 

A  reference  point  for  a  back  protubance  is  not  defined  in  either  M1L- 
STD-1333,  MIL-S-58095 ,  or  USARTL-TR-79-22D.1  It  was  initially  thought  that 
portloni  of  the  upper  pelvic  bone  and  scapula  bones  could  be  used  as  the 
aft  protuberances.  But  when  the  individuals  were  seated  In  the  AAH  seat, 
portions  <j  1  the  major  trapezius  muscle  on  either  side  of  the  backbone  pro- 
ruded  farther  aft  than  the  scapula  bones.  The  back  cushion  molded  the 


'Aircraft  crash  survival  guide.  Vol  IV,  Aircraft  seat  restraints,  litters, 
and  padding.  June  1980. 
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subject' a  shoulders  to  a  more  rounded  ahape  when  seated  erect  in  the  design 
eye  position.  When  the  subjects  had  their  right  arm  in  a  position  to  handle 
the  cyclic  control,  their  backs  were  further  rounded.  The  torso  was  held  in 
a  more  rigid  shape  when  the  subjects  wore  body  armor  and  survival  vest.  The 
lumbar  support  then  became  a  fulcrum  which  prevented  the  upper  torso  from 
resting  in  the  hack  cushion  unless  the  subjects  forced  themselves  Into  the 
cushion.  These  factors  resulted  in  beck  tangent  angles  of  11.2  to  14.3 


